The potential use of antibiotics made dramatically increase of antibacterial resistance and the need for different alternatives to antibiotics becomes a must. Recently effects of supplying AgNPs and exposure to ELF-PMF as bactericidal agents were examined alone/and with a combination of antibiotics. This research aimed to explore the synergistic effects of the combination of exposure to ELF-PMF and supplying of AgNPs. K. pneumonia bacterium is used as a gram-negative model to be tested undersupplying of different AgNPs concentrations and exposure to ELF-PMF at different frequencies. The best synergistic effect is determined by obtaining a most inhibitory concentration of AgNPs and resonance frequency of ELF-PMF causing maximum inhibition in bacterial growth. Kinetics of growth and MIC/MBC levels showed that exposure to 20 Hz-PMF, 30 min with a supplement of 150 ppm-AgNPs caused a highly synergistic effect by 90% enhancement of growth inhibition. It is concluded that using the benefits of exposure to electromagnetic waves with the presence of nanoparticles can limit the wide-spread of silver nano-products and give a chance of nano-antibacterial agents to be used in safe limits.
INTRODUCTION
The wide use of antibiotics in different infections made several types of bacterium to become antibacterial resistant. As a result, production of several multidrug-resistant microbes was generated. Klebsiella pneumonia (K. pneumonia) is Gram-negative bacteria causes a broad spectrum of diseases, including pneumonia, bacteremia, meningitis and urinary tract infections and has become resistant to many types of antibiotics. At most hospital k. pneumonia pathogen infects patients in intensive care units who have got weakened immune systems [1, 2, 3, 4] . Latterly, different research studies were done in multi-directions to find an alternative way for stopping bacterial infections.
Latterly, different research studies were done in multi-directions to find an alternative way for stopping bacterial infections. Using of electromagnetic field (EMF) at an extremely low frequency (ELF)
is one of the most recent applications that have great potential to establish different significant interactions to living systems [5] [6] [7] [8] . However, the mechanism of interaction and its consequences in living systems is ambiguous and need more work to be clarified. Effects of exposure to ELF-EMF were spotted to be dependent on signal physical characteristics, frequency and field intensity, exposure time and growth stage [9] [10] [11] [12] [13] [14] . Several studies were performed to evaluate the bio-effects on bacterium as a result of exposure to such fields and different consequences were approached. Particularly on the bacterial cell, there were remarkable alterations in ultra-structural, changes in growth kinetics, viability reductions, and antibiotic sensitivity, and cellular proliferation, modulations in the flow of ions through membranes and cellular physiological functions as well as cell-to-cell communications [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Improvement in nanotechnology has opened new skylines in nanomedicine, allowing the synthesis of nanoparticles that could be a powerful weapon against bacteria. Recently, Silver nanoparticles (AgNPs) used as antibacterial agent [24] [25] [26] and its effects related to interaction with DNA and RNA, a burst of the cell membrane, interference with cell respiration, and affecting enzyme conformation Journal of Applied Biology & Biotechnology Vol. 6(06), pp 039-045, November-December, 2018 [27, 28] . On the other hand, many other research studies evoked to prove the potential of integrating AgNPs with antibiotics as a potent antimicrobial key against the bacteria causes resistance to various antibiotics alone [29] .
On the same manner, the present work is intended to study the synergistically impact of combination between AgNPs and exposure to ELF as a new method to restrain resistant bacterium.
MATERIALS AND METHODS

Reagents
Silver nitrate (AgNO 3 , 99.99%), trisodium citrate dehydrate (C 6 H 5 O 7 Na 3 .2H 2 O, 99.99%), and deionized water was purchased from Sigma Aldrich.
Bacterial Strain
The standard strain of Klebsiella pneumonia (K. pneumonia) (ATCC 70068) was collected from Global Hospital, Alexandria, Egypt and used for all the current comparative experiments. The bacterial isolates were inoculated on MacConkey agar and incubated at 37°C for 24 h. Bacterial subcultures were produced by suspending three colonies from agar plate into sterilized MacConkey broth media (5 ml for each) and then incubated at 37°C for 24 h. It is worthy to mention that for maintaining a new strain, this step is being done every while before running each experiment.
Silver Nanoparticles Preparation Method
According to Fang et al. (2005) the Silver nanoparticles were synthesized. In brief, 10 mL of AgNO 3 solution (5 mM) in deionized water was heated until it began to boil, then 1 mL trisodium citrate solution drops (1%) were added, and continuing of heating until reaching pale yellow color. The solution was cooled to room temperature for further characterizations [30] . 
Reaction Mechanism
Characterization of Silver Nanoparticles
Utilizing UV-Vis-spectrophotometer the optical absorption spectrum of Ag colloids was recorded. The morphological shapes and size of silver nanoparticles in Ag colloid were measured with transmission electron microscopy (TEM) operating at 200 kV. The sample was intended by dropping the colloid onto underlying Cu grid tissue paper coated with carbon, leaving behind a film. The FT-IR spectra were obtained by using FT-IR spectrophotometer (Shimazdu IR Prestige-21). The samples were blended uniformly with potassium bromide at 1:100 (sample: KBr) ratio respectively and incubated at 110°C overnight. Then after, the mixture was cooled down in desiccators. A hydraulic press was used for preparing the KBr discs by compressing the powders (a mixture of sample and KBr). The discs were scanned in the range of 400-4000 cm −1 to obtain FT-IR spectra.
Pulsed Magnetic Field Exposure System
The power supply of direct current was used through an electronic switching device to produce an interrupted current of 50% duty cycle with different frequencies. The square-pulsed current (80 mA) then directed to a pair of Helmholtz coils (each of 445 turns and of total resistance 6.8 ohm) separated by a distance 10 cm equal to the radius of the coil to produce a homogeneous magnetic field in form of impulses.
The system manufactured at the Electronics physics laboratory in the Faculty of Science, Alexandria University-Egypt. This field measured by using a Gauss/Tesla meter model 4048 at different locations, with probe T-4048.001 (USA) of accuracy ±2% in order to confirm the most homogenous zone (in the midpoint between the two coils) and field intensity found to be (0.32 mT). The tubes (5mL) of bacterial cell suspensions were set in the field point of the coils where PMF was homogeneous. The magnetic field square wave shape was also displayed using the Linear Hall-effect IC sensor on the oscilloscope.
Bactericidal Test
To examine the bactericidal effect of silver nanoparticles on K. pneumoniae bacteria, in approximation 10 5 colony forming units (CFU) of it were inoculated on MacConkey agar plates supplemented with Nano-sized silver particles (AgNPs) in series of concentrations (50, 100, 150, 250, 300, 400, and 500 ppm). The plates were incubated for 24 h at 37°C and the numbers of colonies were counted. For examining the growth rate of bacterial and its growth curve in the supplement of AgNps, bacteria were grown in MacConkey broth medium supplemented with same concentrations of these. Silverfree agar plates cultivated under the same stipulations were used as a control.
To inspect the effect of exposure to PMF on K. pneumoniae, samples approximately of 10 5 CFU were cultured in MacConkey broth medium and exposed directly to series of PMF frequencies (0.5, 1, 10, 20, 30, 40 and 50 Hz) for 30 min. Unexposed cultured bacteria under the same stipulations were used as a control. Samples incubated at 37°C and every 1 h the incubations are discontinuous for absorbance measurements and each sample is inoculated on MacConkey agar in order to determine viable cell count. Moreover, the growth inhibition percentage was calculated for all examined samples relative to control one and most inhibitor frequency was determined (resonance frequency).
It is worthy to mention here that all experiments were performed in three replicates and counts corresponding to each particular sample were averaged. Growth kinetics and bacterial growth density were determined by measuring optical density (OD) at 600 nm each 60 min (OD of 0.1 corresponds to a concentration of 10 8 cells per cm 3 ) [31] . The growth of the inoculums in the broth is indicated by turbidity of the broth and the lowest concentration of the Nano-sized silver particles which inhibited the growth of the bacteria was taken as the minimum inhibitory concentration (MIC) [32] . After specifying MIC level of the AgNPs tested concentrations, an amount of 10 μl from all tubes in which no growth of bacteria was observed inoculated in MacConkey agar plates free of AgNPs. The plates were then incubated for overnight at 37°C. The lowest concentration of antimicrobial agent that kills >99.9% of the initial bacterial population is defined as the Minimal bactericidal concentration (MBC) [33] .
Synergistically effect of adding AgNps and exposure to PMF was performed by exposing samples supplemented with different concentrations of AgNPs to the prior determined resonance frequency.
Statistical Analysis
The statistical analysis was performed using the SPSS for Windows statistical package program (SPSS Inc., ver. 21). All the data are presented as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was performed to determine the significant differences between groups. When the one-way ANOVA revealed a significant difference, post hoc Tukey test (least significant differences test) was used to determine the differences between specific means. A " " of <0.05 was considered statistically significant and used for all the comparisons.
RESULTS
AgNPs Characterization
TEM Analysis
The typical TEM micrograph of the synthesized AgNPs is presented in Figure 1 . The figure depicted that most of the AgNPs were homogeneously distributed and take a spherical shape. Also, it indicated that the particle sizes were ranging from 6.48 nm to 10.7 nm with an average size 8.5 nm. 
UV-Visible Spectrum Analysis
UV-Vis spectroscopy is a method that used to examine the production of the nanoparticles based on their optical properties. The UV-Vis analysis of Ag nanoparticles represents the SPR features of Ag nanostructures that are in agreement with those from the previous studies as depicted in Figure 2 . The absorption spectrum of Ag nanoparticles (nanosphere) prepared by reduction method shows a sharp SPR feature at 422 nm indicating monodispersity of the sample with no evidence for aggregation [34] .
Fourier-Transform Infrared (FT-IR) Spectroscopy
FTIR spectrum of chemically prepared AgNPs using trisodium citrate showed the absorption band at 2061 cm −1 which can be ascribed to citrate precursor __ (CH 2 ) as depicted in Figure 3 . The sharp narrow peak at 1648 cm −1 corresponds to carbonyl stretching (C=O). The broad O-H peak at 3369-3527 cm −1 is due to water molecules appear in the sample.
Antibacterial Effect of Silver Nanoparticles
Antibacterial effects were performed against K. pneumonia bacterium by measuring dynamics of its growth in MacConkey broth media supplemented with different concentrations of AgNPs. The growth characteristics were monitored by taking a reading of O.D. at 600 nm every 1 h after inoculum as shown in Figure 4 . The figure depicted that all assigned concentrations of AgNPs caused growth inhibition of K. pneumonia and increasing of concentration resulted in more inhibition with maximum effect at 500 ppm of AgNPs. 
The MIC and MBC
The antibacterial growth inhibition effects were investigated by measuring CFU% grown in MacConkey agar plates inoculated by approximately 10 5 CFU of K. pneumonia and supplemented by different concentrations of AgNPs. The MIC and MBC changes due to bacterium counts at each concentration of supplied AgNPs are presented in Figures 5 and 6 . The results indicated that MIC level was to be 400 ppm and MBC was to be 500 ppm that caused more than 90% inhibitions. 
Antibacterial Resonance Effect of PMF
The characteristics of growth kinetics for K. pneumonia under application of PMF at different frequencies are shown in Figure 7 . Same dispersions were observed for all assigned exposed samples as compared to unexposed one. It is worthy to indicate that the maximum delay in growth kinetics was obtained after exposure to PMF at a frequency of 20 Hz.
Resonance frequency was determined by applying PMF for 30 min at different frequencies on K. pneumonia inoculated in MacConkey broth. The growth inhibition percentages were determined relative to the unexposed ones and resonance curve was performed as shown in Figure 8 . The data illuminated highly significant inhibition by 30% for K. pneumonia samples exposed to 20 Hz for a period of 30 min. 
Synergistic Antibacterial Effect of AgNPs and PMF
Exposure of K. pneumonia to the predetermined frequency of PMF with supplementing of AgNPs at different concentrations was performed and curves of growth kinetics were done as shown in Figure  9 . The synergistic effects of mixing exposure to 20 Hz and AgNPs at assigned concentrations 50, 150 and 300 ppm were remarkably observed and highly shifted to lower levels. Significant inhibition of growth dynamics by more than 80% was obtained for bacterium supplemented with 300 ppm of AgNPs and exposed to 20 Hz-PMF. Figure 10 depicts bacterial colonies number that grown on MacConkey plates priory exposed to 20 Hz-PMF, 30 min as a function of AgNPs concentration. The data represented the highly interactive effect of mixing exposure of PMF at the resonance frequency and adding of AgNPs even if it is at low concentration. One may observe that the exposure of PMF with a supplement of AgNPs at a concentration of 150 ppm caused a highly synergistic effect by 90% enhancement of bacterium growth inhibition. On the same manner, no significant growth inhibition was observed for K. pneumonia supplied with 300 ppm AgNPs and exposed to 20 Hz-PMF in a way that it acts like supplying of 500 ppm AgNPs alone. 
DISCUSSION
Antimicrobial resistance is a growing problem in modern healthcare around the world. One of the most common species of bacteria that cause problems in healthcare today is K. pneumoniae. Although some treatments still remain, few new ones are being explored, thus the best option is to control the development and spread of antimicrobial resistance [35] . Nanoparticles are yet considered an applicable alternative to antibiotics and appear to have a high potential to solve the problem of the evolution of bacterial multidrug resistance [36] . Among the different nanosized antibacterial agents, AgNPs has proved to be the most effective against a broad spectrum of microbes. This effect particularly is important in the case of Gram-negative bacteria (K. pneumonia) as it is able to physically interact with bacterium cell surface [37, 38] . In this regards, the kinetics of growth for K. pneumonia supplemented with different concentrations of AgNPs were examined and data depicted that all assigned concentrations of AgNPs caused growth inhibition of K. pneumonia and increasing of concentration resulted in more inhibition with maximum inhibition at 400 ppm of AgNPs (MIC level). The AgNPs have the ability to be attached to the surface of the cell membrane and cause a disturbance on its permeability and respiration functions [39] . In the same manner, the lowest concentration of AgNPs kills >99.9% of the initial bacterial population where no visible growth of the bacteria (MBC level) was found to be 400 ppm.
The size, shape, and concentration of AgNPs are highly influenced by its bactericidal effects as smaller ones have more ability to penetrate into bacteria [40] [41] [42] . The absorption spectrum of synthesized AgNPs indicated monodispersity of the sample with no evidence of aggregation. Also, FTIR spectrum showed absorption band at 2061 cm −1 which can be ascribed to citrate precursor __ (CH 2 ). The sharp narrow peak at 1648 cm −1 corresponds to carbonyl stretching (C=O). The broad O-H peak at 3369-3527 cm −1 is due to water molecules appear in the sample. The results of TEM confirmed that most of the AgNPs has a spherical shape and distributed homogeneously and ranging from 6.48 nm to 10.7 nm.
Our results show resemblance to that smaller dimensions of AgNPs (<30 nm) was found to be most effective against Staphylococcus aureus and K. pneumoniae [43] . It has a surface/volume ratio much greater than the corresponding bulk material; thus, types and amount of the interactions with the bacterial surfaces are enhanced and determine a higher antibacterial activity.
Exposure to PMF causes a significant delay in growth kinetics and maximum inhibition by 30% was obtained at 20 Hz-PMF which considered as resonance frequency. These findings corroborate with the findings of Sule et al. [44] who reported ELF-EMF affects the crucial physicochemical processes in both Gram-positive and Gramnegative bacteria. The exposure effects may cause changes in cell membrane integrity and affect its ionic permeability, which resulted in alterations of ionic concentration and cation uptake capacity of bacterium cell. In the other hand, exposure may modulate the cellular enzymatic activity and rise changes in the spectrum of proteins tightly bound to DNA. As a result of affecting ionic concentration and other enzymes involved in the control of chromatin structure, changes in chromatin conformation were induced and followed by changes in cell growth, DNA and protein synthesis [45] [46] [47] [48] [49] .
The reaction of mixing exposure to PMF at resonance frequency prior determined and supplying of AgNPs showed highly synergism and significant advanced effects in bacterium growth. Synergistic effect of combining exposure to 20 Hz-PMF and supplying of AgNPs at 300 ppm indicated highly depression in kinetically growth by more than 80%. It is worthy to clarify that supplying of 300 ppm AgNPs combined with exposure to 20 Hz-PMF gave same growth inhibition as supplying of 500 ppm AgNPs alone. Moreover, exposure and supplying of AgNPs at 150 ppm caused a highly synergistic effect by 90% enhancement of bacterium growth inhibition.
CONCLUSION
The exposure to PMF increased the ability of AgNPs uptake and hence moved its effect to the higher level of bacterial inhibition. Accordingly, a lower concentration of AgNPs is needed and wide-spread of products containing silver nano-forms will be limited. Moreover, the benefits of electromagnetic waves give chance to safe use of different nanoparticles at low permissible concentrations and decrease the possible bio-toxicity. 
